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Title: Restriction enzyme based whole genome sequencing

Technical field of the invention

The present invention relates to methods and strategies for the efficient generation of
whole genome sequences or parts thereof using high throughput sequencing. The invention
relates to large-scale nucleic acid sequencing and in particular to methods for sequencing the
genome, or a part thereof, of an organism. The invention relates to improved strategies for
determining the sequence of, preferably complex (i.e. large) genomes, based on the use of

high throughput sequencing technologies.

Background of the invention

The goal of many sequencing projects is to determine, for the first time, the entire
genome sequence of a target organism (de novo draft genome sequencing). Having a draft
genome sequence at hand enables identification of useful genetic information of an organism,
for instance for the identification of the origin of genetic variation between species or
individuals of the same species. Hence, it is a general desire in the art to come to techniques
that allow the de novo determination of the entire genome sequence of an individual, whether
human, animal or plant at a reasonable cost and effort. This quest is typically indicated as the
quest for the 1000$-genome, i.e. determining the entire genome sequence of an individual for
a maximum of 1000$ (without considering currency fluctuations). However, in practice the
1000$% genome does not necessarily rely on de novo genome sequencing and assembly
strategy but may also be based on a re-sequencing approach. In case of the latter, the re-
sequenced genome will not be assembled de novo, but its DNA sequenced compared to
(mapped onto) an existing reference genome sequence for the organism of interest. A re-
sequencing approach is therefore technically less challenging and less costly. For sake of
clarity, the focus of the current invention is on de novo genome sequencing strategies,
capable to be applied to organisms for which a reference genome sequence is lacking.

Current efforts are varying, plentiful and rapidly increasing results are achieved.
Nevertheless, the goal has not been achieved yet. It is still not economically feasible to
sequence and assemble an entire genome in a straight forward fashion. There exists still a
need in the art for improved de novo genome sequencing strategies. General requirements
for such strategies are that they are cheaper, efficient in terms of computational power
necessary to process data from sequence reads to an assembled draft genome, efficient in

terms of the use of high throughput sequencing equipment to generate data of sufficient
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quality, i.e. the redundancy with which sequences need to be determined to create sufficiently
accurate data etc.

WO03/027311 describes a clone-array pooled shotgun sequencing method (CAPPS).
The method employs random sequence reads from differently pooled (BAC) clones. Based
on the cross-assembly of the random reads a sequence contig can be generated from a
plurality of clones and a map of the clones relative to the sequence can be generated. The
publication describes, in more detail, the generation of a BAC library in a multidimensional
pool, for example a two-dimensional format where each pool and row contain 148 BAC
clones (148 x 148 format). Using CAPPS, BAC pools are sequenced to 4-5 X coverage on
average, which generates 8-10X coverage per BAC in case of the two-dimensional pool
scheme. The contigs are made per BAC separately based on sequences that are unique to
the BAC based on their occurrence in a single row and an single pool in case of a two-
dimensional pooling scheme. Subsequently these BACs are assembled in a contig for the
genome. The publication demonstrates the technology based on 5 BACs only and leaves the
problem of data-processing untouched. One of the disadvantages of this technology is that
the use of randomly sheared fragments requires an enormous amount of reads to cover a
genome at a sequence redundancy level of 8 to 10 fold, making this method very laborious on
larger scale. Furthermore it does not yield a sequence based physical BAC map.

US2007/0082358 describes a method of assembly of sequence information based on a
clonally isolated and amplified library of single stranded genomic DNA to create whole
genome shotgun sequence information combined with whole genome optical restriction
mapping using a restriction enzyme for the creation of an ordered restriction map.

US2002/0182630 discloses a method on BAC contig mapping by comparison of
subsequences. The method aims at avoiding the difficulties associated with repetitive
sequences and the generation of contigs by the creation of bridges across repeat-rich
regions.

Determining physical maps based on BACs can be based on sequencing BAC libraries
(sequence-based physical mapping of BAC clones) using for instance the method described
in W0O2008/007951 from Keygene also indicated as ‘whole genome profiling’ or WGP. In
brief, WGP relates to the generation of a physical map of at least part of a genome
comprising the steps of generating an artificial chromosome library from a sample DNA,
pooling the clones, digesting the pooled clones with restriction enzymes, ligating identifier-
containing adapters, amplifying the identifier-containing adapter-ligated restriction fragments,
correlating the amplicons to the clones and ordering the fragments to generate a contig to
thereby create a physical map.

Despite all developments in high throughput sequencing, determining draft genome

sequences with high accuracy is still considered expensive and laborious and fierce
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competition is present in the market. There hence remains a need to complement the
currently existing methods to come to efficient and economic methods for the generation of

draft genome sequences.

Summary of the invention

The present inventors have found novel and efficient strategies provide improvement of
the existing methodologies based on the recent developments in sequencing technologies.
The strategy is, in principle, based on a physical map from a clone bank using restriction
fragments. Restriction fragments from clones or from genomic DNA, obtained by a restriction
enzyme that contains the same recognition sequence as was used in the generation of the
physical map, are used to generate further sequence information in a subsequent step using
sequencing of fragmented restriction fragments, deconvolution (when using clones) and
alignment to the physical map. The result is the generation of sequence reads that are linked
to the restriction fragment, where the restriction fragment itself is linked to the physical map.
Using this combined approach, the physical map as well as the draft genome sequence can
be achieved through the combination of restriction fragment sequencing coupled with

sequencing internal sequences of restriction fragments.

Definitions

As used herein, ‘paired end sequencing’ is a method that is based on high throughput
sequencing, particular based on the platforms currently sold by lllumina and Roche. lllumina
has released a hardware module (the PE Module) which can be installed in the existing
sequencer as an upgrade, which allows sequencing of both ends of the template, thereby
generating paired end reads. It is in particular preferred to use paired end sequencing, in
particular using Solexa technology, in the methods according to the current invention.
Examples of paired end sequencing are described for instance in US20060292611 and in
publications from Roche (454 sequencing).

Sequencing: The term sequencing refers to determining the order of nucleotides (base
sequences) in a nucleic acid sample, e.g. DNA or RNA. Many techniques are available such
as Sanger sequencing and high-throughput sequencing technologies (also known as next-
generation sequencing technologies) such as the GS FLX platform offered by Roche Applied
Science, based on pyroseqguencing.

Restriction enzyme: a restriction endonuclease or restriction enzyme is an enzyme that
recognizes a specific nucleotide sequence (target site) in a double-stranded DNA molecule,
and will cleave both strands of the DNA molecule at or near every target site, leaving a blunt

or a staggered end.



10

15

20

25

30

35

WO 2011/074960 PCT/NL2010/050854

A Type-lIs restriction endonuclease is an endonuclease that has a recognition
sequence that is distant from the restriction site. In other words, Type llIs restriction
endnucleases cleave outside of the recognition sequence to one side. Examples there of are
NmeAlll (GCCGAG(21/19) and Fokl, Alwl, Mme |. There are Type lls enzymes that cut
outside the recognition sequence at both sides.

Frequent cutters and rare cutters: Restriction enzymes typically have recognition
sequences that vary in number of nucleotides from 4 (such as Msel) to 6 (EcoRlI) and even 8
(Notl). The restriction enzymes used can be frequent and rare cutters. The term ‘frequent’ in
this respect is typically used in relation to the term ‘rare’. Frequent cutting endonucleases
(aka frequent cutters) are restriction endonucleases that have a relatively short recognition
sequence. Frequent cutters typically have 4 or 5 nucleotides that they recognise and
subsequently cut. Thus, a frequent cutter on average cuts a DNA sequence every 256-1024
nucleotides. Rare cutters are restriction endonucleases that have a relatively long recognition
sequence. Rare cutters typically have 6 or more nucleotides that they recognise and
subsequently cut. Thus, a rare 6-cutter on average cuts a DNA sequence every 4096
nucleotides, leading to longer fragments. It is observed again that the definition of frequent
and rare is relative to each other, meaning that when a 4 bp restriction enzyme, such as
Msel, is used in combination with a 5-cutter such as Avall, Avall is seen as the rare cutter
and Msel as the frequent cutter.

Methylation sensitive restriction enzymes (MSRE). Restriction enzymes that are
sensitive to the methylation status of a nucleotide in or near its recognition sequence. The
presence or absence of a specific methylated nucleotide (usually Cytosine) is, next to the
recognition sequence, decisive for the activity of the enzyme. Notl, Smal, Xmal, Mbol, BstBI,
Clal, MM, Nael, Narl, Pstl, Pvul, Sacll, Sail, Hpall, and Hhal are examples of MSREs Other
useful MSREs are described, for example, in McClelland et al., Nucl. Acids Res. 22:3640-
3659 (1994) or in technical materials available from commercial vendors such as New
England Biolabs (Beverly, MA), Promega (Madison, WI), or Invitrogen (Carlsbad, CA).

Isoschizomers; Isoschizomers are pairs of restriction enzymes specific to the same
recognition sequence and cut in the same location. For example, Sph | (GCATGAC) and Bbu |
(GCATG"C) are isoschizomers of each other. The first enzyme to recognize and cut a given
sequence is known as the prototype, all subsequent enzymes that recognize and cut that
sequence are isoschizomers. An enzyme that recognizes the same sequence but cuts it
differently is a neoschizomer. Isoschizomers are a specific type (subset) of neoschizomers.
For example, Sma | (CCCAGGG) and Xma | (CAMCCGGG) are neoschizomers (not
isoschizomers) of each other.

Restriction fragments: the DNA molecules produced by digestion of DNA with a

restriction endonuclease are referred to as restriction fragments. Any given genome (or
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nucleic acid, regardless of its origin) will be digested by a particular restriction endonuclease
into a discrete set of restriction fragments. The DNA fragments that result from restriction
endonuclease cleavage can be further used in a variety of techniques and can for instance be
detected by gel electrophoresis or sequencing. Restriction fragments can be blunt ended or
have an overhang. The overhang can be removed using a technique described as polishing.
The term ‘internal sequence’ of a restriction fragment is typically used to indicate that the
origin of the part of the restriction fragment resides in the sample genome, i.e. does not form
part of an adapter. The internal sequence is directly derived from the sample genome, its
sequence is hence part of the sequence of the genome under investigation. The term internal
sequence is used to distinguish over adapters, remains of recognition sequence of restriction
enzymes efc.

Ligation: the enzymatic reaction catalyzed by a ligase enzyme in which two double-
stranded DNA molecules are covalently joined together is referred to as ligation. In general,
both DNA strands are covalently joined together, but it is also possible to prevent the ligation
of one of the two strands through chemical or enzymatic modification of one of the ends of the
strands. In that case, the covalent joining will occur in only one of the two DNA strands.

Synthetic oligonucleotide: single-stranded DNA molecules having preferably from about
10 to about 50 bases, which can be synthesized chemically are referred to as synthetic
oligonucleotides. In general, these synthetic DNA molecules are designed to have a unique or
desired nucleotide sequence, although it is possible to synthesize families of molecules
having related sequences and which have different nucleotide compositions at specific
positions within the nucleotide sequence. The term synthetic oligonucleotide will be used to
refer to DNA molecules having a designed or desired nucleotide sequence.

Adapters: short double-stranded DNA molecules with a limited number of base pairs,
e.g. about 10 to about 30 base pairs in length, which are designed such that they can be
ligated to the ends of restriction fragments. Adapters are generally composed of two synthetic
oligonucleotides that have nucleotide sequences which are partially complementary to each
other. When mixing the two synthetic oligonucleotides in solution under appropriate
conditions, they will anneal to each other forming a double-stranded structure. After
annealing, one end of the adapter molecule is designed such that it is compatible with the end
of a restriction fragment and can be ligated thereto; the other end of the adapter can be
designed so that it cannot be ligated, but this need not be the case (double ligated adapters).
Adapters can contain other functional features such as identifiers, recognition sequences for
restriction enzymes, primer binding sections etc. When containing other functional features
the length of the adapters may increase, but by combining functional features this may be

controlled.
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Adapter-ligated restriction fragments: restriction fragments that have been capped by
adapters on one or both ends.

Primers: in general, the term primers refer to DNA strands which can prime the
synthesis of DNA. DNA polymerase cannot synthesize DNA de novo without primers: it can
only extend an existing DNA strand in a reaction in which the complementary strand is used
as a template to direct the order of nucleotides to be assembled. We will refer to the synthetic
oligonucleotide molecules which are used in a polymerase chain reaction (PCR) as primers.

DNA amplification: the term DNA amplification will be typically used to denote the in
vitro synthesis of double-stranded DNA molecules using PCR. It is noted that other
amplification methods exist and they may be used in the present invention without departing
from the gist.

Nucleic acid: a nucleic acid according to the present invention may include any polymer
or oligomer of pyrimidine and purine bases, preferably cytosine, thymine, and uracil, and
adenine and guanine, respectively (See Albert L. Lehninger, Principles of Biochemistry, at
793-800 (Worth Pub. 1982) which is herein incorporated by reference in its entirety for all
purposes). The present invention contemplates any deoxyribonucleotide, ribonucleotide or
peptide nucleic acid component, and any chemical variants thereof, such as methylated,
hydroxymethylated or glycosylated forms of these bases, and the like. The polymers or
oligomers may be heterogenous or homogenous in composition, and may be isolated from
naturally occurring sources or may be artificially or synthetically produced. In addition, the
nucleic acids may be DNA or RNA, or a mixture thereof, and may exist permanently or
transitionally in single-stranded or double-stranded form, including homoduplex,
heteroduplex, and hybrid states.

Complexity reduction: the term complexity reduction is used to denote a method
wherein the complexity of a nucleic acid sample, such as genomic DNA, is reduced by the
generation or selection of a subset of the sample. This subset can be representative for the
whole (i.e. complex) sample and is preferably a reproducible subset. Reproducible means in
this context that when the same sample is reduced in complexity using the same method and
experimental conditions, the same, or at least comparable, subset is obtained. The method
used for complexity reduction may be any method for complexity reduction known in the art.
Examples of methods for complexity reduction include for example AFLP® (Keygene N.V.,
the Netherlands; see e.g. EP 0 534 858), the methods described by Dong (see e.g. WO
03/012118, WO 00/24939), indexed linking (Unrau et al., 1994, Gene, 145:163- 169), etc. The
complexity reduction methods used in the present invention have in common that they are
reproducible. Reproducible in the sense that when the same sample is reduced in complexity
in the same manner, the same subset of the sample is obtained, as opposed to more random

complexity reduction such as microdissection, random shearing, or the use of MRNA (cDNA)
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which represents a portion of the genome transcribed in a selected tissue and for its
reproducibility is depending on the selection of tissue, time of isolation etc..

Identifier: a short sequence that can be added or inserted to an adapter or a primer or
included in its sequence or otherwise used as label to provide a unique identifier (aka
barcode or index). Such a sequence identifier (tag) can be a unique base sequence of
varying but defined length, typically from 4-16 bp used for identifying a specific nucleic acid
sample. For instance 4 bp tags allow 4(exp4) = 256 different tags. Using such an identifier,
the origin of a PCR sample can be determined upon further processing or fragments can be
related to a clone. Also clones in a pool can be distinguished from one another using these
sequence based identifiers. Thus, identifiers can be sample specific, pool specific, clone
specific, amplicon specific etc. In the case of combining processed products originating from
different nucleic acid samples, the different nucleic acid samples are generally identified using
different identifiers. |dentifiers preferably differ from each other by at least two base pairs and
preferably do not contain two identical consecutive bases to prevent misreads. The identifier
function can sometimes be combined with other functionalities such as adapters or primers
and can be located at any convenient position.

Tagging: the term tagging refers to the addition of a sequence tag to a nucleic acid
sample in order to be able to distinguish it from a second or further nucleic acid sample.
Tagging can e.g. be performed by the addition of a sequence identifier during complexity
reduction or by any other means known in the art such as a separate ligation step. Such a
sequence identifier can e.g. be a unique base sequence of varying but defined length
uniguely used for identifying a specific nucleic acid sample. Using nucleotide based tags, the
origin of a sample, a clone or an amplified product can be determined upon further
processing. In case of combining processed products originating from different nucleic acid
samples, the different nucleic acid samples can be identified using different tags.

Tagged library: the term tagged library refers to a library of tagged nucleic acids.

Aligning: With the term “aligning” is meant the comparison of two or more nucleotide
sequences based on the presence of short or long stretches of identical or similar
nucleotides. Several methods for alignment of nucleotide sequences are known in the art, as
will be further explained below.

Alignment: positioning of multiple sequences in a tabular presentation to maximize the
possibility for obtaining regions of sequence identity across the various sequences in the
alignment, e.g. by introducing gaps. Several methods for alignment of nucleotide sequences
are known in the art, as will be further explained below.

The term "contig" is used in connection with DNA sequence analysis, and refers to
assembled contiguous stretches of DNA derived from two or more DNA fragments having

contiguous nucleotide sequences. Thus, a contig is a set of overlapping DNA fragments that
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provides a partial contiguous sequence of a genome. A "scaffold" is defined as a series of
contigs that are in the correct order, but are not connected in one continuous sequence , i.e.
contain gaps. Contig maps also represent the structure of contiguous regions of a genome by
specifying overlap relationships among a set of clones. For example, the term "contigs"
encompasses a series of cloning vectors which are ordered in such a way as to have each
sequence overlap that of its neighbours. The linked clones can then be grouped into contigs,
either manually or, preferably, using appropriate computer programs such as FPC, PHRAP,
CAP3 etc..

Fragmentation: A technique used to fragment DNA into smaller fragments.
Fragmentation can be enzymatic, chemical or physical. Random fragmentation is a technique
that provides fragments with a length that is independent of their sequence. Typically,
shearing or nebulisation are techniques that provide random fragments of DNA. Typically, the
intensity or time of the random fragmentation is determinative for the average length of the
fragments. Following fragmentation, a size selection can be performed to select the desired
size range of the fragments

Physical mapping describes techniques using molecular biology techniques such as
hybridisation analysis, PCR and sequencing to examine DNA molecules directly in order to
construct maps showing the positions of sequence features

Genetic mapping is based on the use of genetic techniques such as pedigree analysis
to construct maps showing the positions of sequence features on a genome

Deconvolution is a term used to describe the identification of an individual in a library by
detection of the presence of a known associated indicator (i.e. label or identifier) in one or
more pools or subpools

Amplicons: When DNA (fragments) are amplified (for instance by using PCR) the DNA
strands resulting from the amplification can be indicated as amplicons.

Polishing: digesting DNA with restriction enzymes can result in blunt or staggered ends
(i.e. contain an overhang or contain extended bases), depending on the enzyme. Staggered
ends can be blunted (the overhang removed) in a process depicted as ‘polishing’. Polishing is
achieved using DNA polymerases like T4 polymerase, Klenow DNA polymerase (Costa et al.,

Nucleic acids Research, 1994)

Brief description of the Figures

Figure 1: Schematic representation of the sequencing strategies of the present
invention.

Figure 2: Schematic representation of WGPS, Whole Genome Profile Sequencing

Figure 3: Schematic representation of SDSES, Site-Directed Single End sequencing

Figure 4: Schematic representation of SDPES Site-Directed Paired End Sequencing.
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Figure 5. Relationship between read1 and WGP tag.

Figure 6a. Read1 contains (part of) the sequencing primer 2 and read2 contains (part
of) the combination of pool ID and sequencing primer 1.

Figure 6b. Read2 contains (part of ) the pool ID.

Figure 7. lllustrative Assembly results of phrap, Cap3 and Velvet for the WGP tag
“‘GAATTCAGTGGAGGATTGTGGGGTGG” bin with 1506 paired end reads.

Figure 8 lllustrative Result of a Blast analysis of a contig generated for WGP tag
“‘GAATTCAAATGAAGCCACCCTTTAGA” (=query) against the melon genome sequence
(=target)

Detailed description of the invention
In a first aspect, the invention relates to a method for the generation of sequence information
from a DNA sample comprising
a. providing a (sequence-based) physical map of a clone bank based on end-
sequencing tagged adapter-ligated restriction fragments, wherein the
restriction fragments have been generated using at least one restriction
enzyme; and
b. providing a submethod comprising the steps of
i. providing adapter-ligated restriction fragments of the DNA sample
ii. optionally, fragmenting the adapter-ligated restriction fragments
ii. optionally, ligating adapters to the fragments of step(ii)
iv. determining at least part of the sequence of the fragments of step (iii)
c. combining the sequence information obtained in step (b) with the physical
map of step (a);
d. generating a draft genome sequence;
wherein the restriction fragments in step (b)(i) are generated with at least one restriction
enzyme that contains a recognition sequence that is identical to at least part of the
recognition sequence of the at least one restriction enzyme used in the generation of the
physical map of step (a).

In the first step of the method, a physical map of a clone bank is provided by end-
sequencing of adaptor-ligated restriction fragments. A physical map of a clone bank based on
end-sequencing can be based on methods such as described in WO2008007951 ‘High
throughput physical mapping’, but also variants thereof can be used as exemplified below.

In applicants own W02008007951, relating to high throughput physical mapping an
efficient method is described for the generation of a physical map from a combination of
restriction enzyme digestion of clones in a library, pooling, restriction enzyme digestion,

adapter-ligation, (selective) amplification, high-throughput sequencing and deconvolution of



10

15

20

25

30

35

WO 2011/074960 PCT/NL2010/050854

the resulting sequences which results in BAC-clone specific sets that can be used to
assemble physical maps. The assembly of the clones into contigs is based on the co-
presence of terminal nucleotide sequence of the sequenced fragments, which can be used as
sequence based anchor points for additional linkage of sequence data.

This technique is indicated as Whole Genome Profiling (WGP) and is KeyGene’s
recently developed proprietary approach for sequence-based physical mapping. Typically, a
BAC library is constructed from a single (homozygous) individual and BAC clones are pooled
in a multi-dimensional format. BAC pools are characterized by pool specific tags to allow
assignment of sequences to individual BAC clones based on the coordinates in the multi-
dimensional pool screening. DNA is extracted from each BAC pool and digested with one or
more restriction enzymes, for instance EcoRI and Msel. The EcoRI ends of the restriction
fragments are analyzed on a next-generation sequencer such as the lllumina Genome
Analyzer and in this way these relative short (20-100 basepairs) sequenced fragments, called
the WGP tags, can be assigned to individual BACs. In a next step, BACs can be assembled
based on overlapping WGP tag patterns using a contiging software tool such as FPC
(Soderlund et al.). Typically this leads to contigs of assembled BACs, with WGP tags every 2
to 4 kilobases, about 30-60 tags per BAC clone.

Compared to other physical mapping approaches such as SNaPshot mapping (for
instance as used by Quiniou in BMC genomics 2007, 8, 1, 40), the WGP method is unique in
providing sequence-based anchor points instead of fragment lengths for assembly of BAC
contigs. Sequence-based anchors are more accurate and provide the basis for assembly of
Whole Genome Shotgun data.

More in detail, physical mapping comprises the steps of:

(a) providing an artificial chromosome (e.g. BAC, YAC) clone bank wherein each
artificial chromosome clone contains DNA from a sample genome;

(b) pooling the clones from the artificial chromosome library into pools;

(c) providing a set of fragments for each pool using restriction enzymes;

(d) ligating adapters to the fragments;

(e) determining the sequence of at least part of the adapter and part of the fragment;

(f) assigning the fragments to the corresponding clones;

(g) ordering the clones into clone-contigs thereby generating a physical map of the
sample genome.

In step (a) of the method an artificial clone bank is provided. The library can be a
Bacterial Artificial Chromosome library (BAC) or based on yeast (YAC). Other libraries such
as based on fosmids, cosmids, PAC, TAC or MAC are also possible. Preferred is a BAC
library. The library is preferably of a high quality and preferably is a high insert size genomic

library. This means that the individual BAC contains a relative large insert of the genomic
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DNA under investigation (typically > 100 kbp). The size of the preferred large insert is
species-dependent. Throughout this application, reference can be made to BACs as
examples of artificial chromosomes. However, it is noted that the present invention is not
limited thereto and that other artificial chromosomes can be used without departing from the
gist of the invention. Preferably the libraries contain at least five genome equivalents, more
preferably at least 7, most preferably at least 8. Particularly preferred is at least 10. The
higher the number of genome equivalents in the library, the more comprehensive and reliable
the resulting contigs and physical map will be.

In step (b), the individual clones in the library are pooled to form pools containing a
multitude of artificial chromosomes or clones. The pooling may be the simple combination of
a number of individual clones into one sample (for example, 100 clones into 10 pools, each
containing 10 clones), but also more elaborate pooling strategies may be used. The
distribution of the clones over the pools is preferably such that each clone is present in at
least two or more of the pools. Preferably, the pools contain from 10 to 10000 clones per
pool, preferably from 100 to 1000, more preferably from 250 to 750. It is observed that the
number of clones per pool can vary widely, and this variation is related to, for instance, the
size of the genome under investigation. Typically, the maximum size of a pool or a sub-pool is
governed by the ability to uniquely identify a clone in a pool by a set of identifiers. A typical
range for a genome equivalent in a pool is in the order of 0.2 — 0.3, and this may again vary
per genome. The pools are generated based on pooling strategies well known in the art. The
skilled man is capable selecting the optimal pooling strategy based on factors such as
genome size etc. The resulting pooling strategy will depend on the circumstances, and
examples thereof are plate pooling, N-dimensional pooling such as 2D-pooling, 3D-pooling,
6D-pooling or complex pooling. To facilitate handling of large numbers of pools, the pools
may, on their turn, be combined in super-pools (i.e. super-pools are pools of pools of clones)
or divided into sub-pools. Other examples of pooling strategies and their deconvolution (i.e.
the correct identification of the individual clone in a library by detection of the presence of a
known associated indicator (i.e. label or identifier) of the clone in one or more pools or
subpools) are for instance described in US6975943 or in Klein et al. in Genome Research,
(2000), 10, 798-807. The pooling strategy is preferably such that every clone in the library is
distributed in such over the pools that a unique combination of pools is made for every clone.
The result thereof is that a certain combination of (sub)pools uniquely identifies a clone.

In step (c) of the method, the pools are digested with restriction endonucleases to
yield restriction fragments. Each pool is, preferably separately, subjected to an endonuclease
digest. Each pool is preferably treated with the same (combination of) endonuclease(s) or
those having the same recognition sequence. In principle, any restriction endonuclease can

be used. Restriction endonucleases may be frequent cutters (4 or 5 cutters, such as Msel or

11



10

15

20

25

30

35

WO 2011/074960 PCT/NL2010/050854

Aval) or rare cutters (6 and more cutters such as EcoRl, Hindlll). Typically, restriction
endonucleases are selected such that restriction fragments are obtained that are, on average,
present in an amount or have a certain length distribution that is adequate for the subsequent
steps. In certain embodiments, two or more restriction endonucleases can be used and in
certain embodiments, combinations of rare and frequent cutters can be used. For large
genomes the use of, for instance, three or more restriction endonucleases can be used
advantageously to reduce complexity of the genome.

To one or both ends of the restriction fragments, adapters are ligated in step (d) to
provide for adapter-ligated restriction fragments. Typically, adapters are synthetic
oligonucleotides as defined herein elsewhere. The adapters used in the present invention
preferably contain an identifier section, in essence as defined herein elsewhere, to provide for
‘tagged adapters’. In certain embodiments, the adapter contains a pool-specific identifier, i.e.
for each pool, an adapter containing a unique identifier is used that unequivocally indicates
the pool. In certain embodiments, the adapter contains a degenerate identifier section which
is used in combination with a primer containing a pool-specific identifier.

In certain embodiments, the adapter-ligated restriction fragments can be combined in
larger groups, in particular when the adapters contain a pool-specific identifier. This
combination in larger groups may aid in reducing the number of parallel amplifications of each
set of adapter-ligated restriction fragments obtained from a pool.

Alternatively, the adapters that are ligated do not contain an identifier or a degenerate
identifier section. The adapter-ligated fragments are subsequently amplified using primers
that contain identifiers (tags), for instance at their 5’end. The result is that amplified, tagged
adapter-ligated fragments are obtained. In this embodiment, the adapters can be the same for
a plurality (or all) of the pools and the amplification using tagged primers creates the
distinction between the pools that can later be used in the deconvolution. Either way, a set of
tagged adapter-ligated fragments is obtained that are linked to the pool from which they
originate by the presence of the tag.

The tagged adapter-ligated fragment can be amplified. The amplification may serve to
reduce the complexity or to increase the amount the DNA available for analysis. The
amplification can be performed using a set of primers that are at least partly complementary
to the adapters and or the tags/identifiers. This amplification may be independently from the
amplification described herein above that introduces the tags into the adapters, but it may be
in one combined step. In certain embodiments, the amplification may serve several purposes
at a time, i.e. reduce complexity, increase DNA amount and introduce tags in the adapter-
ligated fragments in the pools. In certain embodiments, the amplification may be in separate
stages using different primers, for instance first increasing the amount of available DNA using

adaptor-directed primers, then the introduction of tags by using primers containing tags,
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followed by complexity reduction using primers that can select amongst adaptor-ligated
fragments, for instance using randomly selective nucleotide at the 3’end or by using (pooled)
primers that amplify certain tagged adapters.

In certain embodiments, the adapter-ligated fragments can be combined in larger
groups, in particular when the adapters contain a pool-specific identifier. This combination in
larger groups may aid in reducing the number of parallel amplifications of each set of adapter-
ligated restriction fragments obtained from a pool.

The adapter-ligated fragments can be amplified using a set of primers of which at least
one primer amplifies the pool-specific identifier at the position of the pool-specific or
degenerate identifier in the adapter. The primer may contain (part of) the identifier, but the
primer may also be complementary to a section of the adapter that is located outside the tag,
i.e. downstream in the adapter. Amplification then also amplifies the tag.

In step (e) part of the sequence of the tagged adapter-ligated fragment is determined.
The tagged adapter-ligated fragments are subjected to sequencing, preferably high
throughput sequencing as described herein elsewhere. During sequencing, at least part of the
nucleotide sequence of the (amplified) tagged adapter-ligated fragment is determined.
Preferably at least the sequence of the pool-specific identifier and part of the fragment (i.e.
derived from the sample genome) of the (amplified) tagged adapter-ligated fragment is
determined. Preferably, a sequence of at least 10 nucleotides of the fragment is determined.
In certain embodiments, at least 15, 20, 25, 30 or 35 nucleotides of the fragment (i.e. derived
from the sample genome) are determined. The number of nucleotides that are to be
determined minimally will be, again, genome- as well as sequencing platform dependent. For
instance, in plants more repetitive sequences are present, hence longer sequences (25-75
nucleotides) are to be determined for a contig of comparable quality. For instance, in silico
calculations on the known genome sequence of Arabidopsis have shown that, when including
a 6 bp restriction site in the sequencing step, about 20 bp per fragment needs to be
determined in order to ensure that the majority (>80%) of sequences are unique in the
genome. ltis possible to determine the sequence of the entire fragment, but this is not an
absolute necessity for contig building of a BAC clone.

In the sequencing step, to provide for maximum coverage of all fragments and
increased accuracy, the sequence library may be sequenced with an average redundancy
level (aka oversampling rate) of at least 5. This means that, on average, the sequence is
determined of at least 5 amplicons obtained from the amplification of one specific adapter-
ligated fragment. In other words: each fragment is (statistically) sequenced on average at
least five times. Increased redundancy is preferred as it improves the fraction of fragments
that are sampled in each pool and the accuracy of these sequences, so preferably the

redundancy level is at least 7, more preferably a least 10. Increased average sequencing
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redundancy levels are used to compensate for a phenomenon that is known as ‘sampling
variation’, i.e. random statistical fluctuation in sampling subsets from a large "population™. In
addition, a higher average sequencing redundancy level alleviates possible differences in the
abundance of amplified fragments which result from differences in their amplification rates
caused by length variation between fragments and differences in sequence composition.

It is preferred that the sequencing is performed using high-throughput sequencing
methods, such as the pyrosequencing-based methods disclosed in WO 03/004690, WO
03/054142, WO 2004/069849, WO 2004/070005, WO 2004/070007, and WO 2005/003375,
by Seo et al. (2004) Proc. Natl. Acad. Sci. USA 101:5488-93, and technologies of Helicos,
lllumina, US Genomics, etcetera, which are herein incorporated by reference.

In the following step (f), the (partly) sequenced (amplified) tagged adapter-ligated
fragments are correlated or assigned to the corresponding clone, typically in silico by means
of computerized methods. The (amplified) tagged adapter-ligated fragments are selected that
contain identical sections of nucleotides in the restriction fragment-derived part. Subsequently
the different pool-specific identifiers (tags) are identified that are present in those (amplified)
tagged adapter-ligated fragments. The combination of the different pool-specific identifiers
and hence the sequence of the restriction fragment can be uniquely assigned to a specific
clone (a process described earlier as ‘deconvolution’). For example, in the case of a 3D
pooling strategy (X,Y,Z), each pool in the library is uniquely addressed by a combination of 3
pool-specific identifiers with the same restriction fragment-derived section. In other words: a
restriction fragment-derived section originating from a clone will be tagged with 3 different
identifiers. Unique restriction fragment-derived sections, when observed in combination with
the 3 identifiers can be assigned to a single BAC clone. This can be repeated for each
(amplified) tagged adapter-ligated fragment that contains other unique sections of nucleotides
in the restriction fragment-derived part.

After assigning the fragments to the corresponding clones in step (f), the clones are
combined and ordered into clone contigs in step (g) of the method. The grouping and ordering
can be performed by fingerprint contiging software for this purpose such as FPC software
(Soderlund et al (1997) FPC: a system for building contigs from restriction fingerprinted
clones. Comput. Appl. Biosci., 13:523-535.) essentially as described herein elsewhere. The
alignment of the clones into contigs and the corresponding order of WGP tags generates a

physical map of the sample genome.

In the submethod of the invention, adapter-ligated restriction fragments are provided.
As a starting material for the generation of the adapter ligated restriction fragments, a sample
genome can be used, or a part of a sample genome can be used, or a collection of BAC

clones, varying from one singular BAC clone to an entire library of BAC clones, so also
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subsets of a BAC library are possible, comprising one or more BAC clones. When BAC
clones are used, pools of BAC clones may be used, using similar or identical pooling and
deconvolution strategies as described herein elsewhere. In the submethod, the DNA sample
is preferably from the same individual, line or source as the DNA sample used to generate the
physical map in step (a). Alternatively, the DNA sample in the submethod may be from a
different source, such as a relative from the individual, a member of the same line etc.

The starting material is fragmented into restriction fragments by digesting with at least
one restriction enzyme that contains a recognition sequence that is identical to at least part of
the recognition sequence of the at least one restriction enzyme used in the generation of the
physical map.

In certain embodiments the same restriction enzymes are used for the generation of
the physical map and for the generation of the restriction fragments for the second step. In
alternative embodiments they may have the same recognition sequence or contain at least
part of the recognition sequence of the restriction enzyme used to create the physical map. In
certain embodiments, the recognition sequence of the restriction enzyme encompasses the
recognition sequence of the restriction enzyme used in the creation of the physical map. For
example, the restriction enzyme Pacl has as recognition sequence TTAATTAA whereas
restriction enzyme Msel has a recognition sequence TTAA which recognition sequence as a
whole is present in the first restriction enzyme.

In certain embodiments, the restriction enzymes employed in the two methods may be
isoschizomers or neoschizomers. Combinations of restriction enzymes are also possible to
influence the number of restriction fragments or to reduce complexity, for instance via
selective amplification.

To the restriction fragments of the second substep ((b)(i)), adapters can be ligated.
Typically, adapters are synthetic oligonucleotides as defined herein elsewhere. The adapters
used in the present invention preferably contain an identifier section, in essence as defined
herein elsewhere to provide for ‘tagged adapters’ When the adapter is ligated it is preferred
not to restore the recognition sequence of the restriction endonuclease. Typically, when one
restriction enzyme is used in the fragmentation, the adapter will be ligated to both ends of the
fragment.The adapters used may in certain embodiments be biotinylated. The adapters may
be labelled with an affinity label such as biotin to allow for later on (streptavidine-based)
selection of the affinity-labelled adapters. In particular, first affinity-labelled adapters are
ligated to obtained affinity-labelled adapter-ligated restriction fragments. When two or more
restriction enzymes are used, two or more different adapters may be used which may or may
not be independently labelled with an affinity label. The adapter may further contain an
identifier substantially as described herein elsewhere to allow for pooling and deconvolution

strategies.
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The adapters can be the same as used in the generation of the physical map and may
contain identifiers, which may the same as used in the generation of the physical map. In
certain embodiments, the adapters may contain a recognition sequence for a restriction
enzyme, preferably a type lls enzyme.

In certain embodiments relating to the presence of a Type lls recognition sequence in
the adapter, this step may be followed by a circularisation step followed by digestion with a
type lls enzyme. To the lIs-digested site an adapter can be ligated and the thus adapter-
ligated fragment can be subjected to a fragmentation.

The adapter-ligated fragments can now be fragmented, resulting in fragmented
adapter- ligated fragments. Typically, this may result in DNA fragments that on one end
contain an adapter and on the other side end with nucleotides derived from the sample
nucleic acid sequence (‘naked ends’). This second fragmentation step can be performed with
another, (non-selective) restriction enzyme or by random fragmentation such as shearing or
nebulisation.

To these ‘naked ends’, which in certain embodiments may be polished and may have
undergone A-addition (‘A-tailing’), adapters are ligated. These adapters may be the same or
different as the adapters used in step (iii) and may be tagged.

In a subsequent step, these adapter-ligated naked ends are now sequenced, i.e. at
least part of the sequence of the fragments is determined. Preferably, the adaptor-ligated
ends are end-sequenced, i.e. one or both ends of the sequence are determined containing
part of the adaptor and part of the internal fragment. This results in a set of sequence
fragments. These sequence fragments can be correlated, via the adapters and identifiers to
restriction sites on the physical map and can hence be correlated to the physical map. For
each set of fragments that can be correlated to a restriction site on the physical map, these
set of fragments can be anchored to the map and they may also be contigged to further add
sequence information to a specific location (WGP tag ) of the physical map.

Using this method, it is possible to determine WGP-tags on a physical map and
subsequently add sequence data to these WGP tags, thereby further completing the physical
map and generating a draft genome sequence of the sample, or at least a part thereof.

The method of the present invention is embodied in three different embodiments that
all share the above common concept. The three embodiments will now be discussed herein
below.

In a first embodiment, dubbed WGPS, the physical map is not yet available and is
determined side by side with the desired further sequence information which is needed to be
added to the physical map, anchored to the WGP tags. In two other embodiments, SDSES
and SDPES, respectively, the physical map is already available, and the sequence data

generated serves to further complement the existing physical map. In certain embodiments
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where the physical map is already available, WGPS may nevertheless be used to generate
additional sequence information. Depending on the embodiments, there may be a preference
for certain sequencing techniques and the (length of the) sequence reads that are produced

thereby. This is schematically depicted in Fig 1.

WGPS (Whole Genome Profile Sequencing)
Thus, in a first variant of the method of the invention, the physical map is determined
together (simultaneous, parallel or subsequently) with the fragment sequences.
The physical map is determined as outlined herein above and the same variations and
embodiments apply. For the sake of clarity, they are repeated here in relation to WGPS.
In addition thereto, the adapter- ligated restriction fragments of the BAC clones are
subject to further fragmentation, adapter ligation and sequencing as outlined herein below.
The whole method, including the generation of the physical map, comprises the steps
of:
(a) providing a clone bank comprising a plurality of clones wherein each clone
contains DNA from a sample genome (or part of the sample genome);
(b) pooling the clones from the clone bank into pools;
(c) providing fragments for each pool using at least one restriction enzyme;
(d) ligating first adapters to the fragments;
(e) fragmenting the adapter-ligated restriction fragments of step (d) to provide
fragmented adapter-ligated restriction fragments and, optionally, polish the random
fragment ends;
(f) ligating second adapters to the (polished) fragmented restriction fragments to
provide adapter-ligated fragmented restriction fragments, containing first and second
adapters;
(g) optionally, amplifying the adapter-ligated fragmented restriction fragments of step
(f) with a first and a second primer thereby generating amplicons;
(i) determining the sequence of at least part of the first adapter and/or part of the
fragment adjacent to the first adapter and/or of at least part of the second adapter
and/or part of the fragment adjacent to the second adapter;
(j) assigning the fragments to the corresponding clones based on the sequenced part
of the first adapter and/or part of the fragment adjacent to the first adapter and/or of
part of the second adapter and/or part of the fragment adjacent to the second adapter;
(k) ordering the clones into clone-contigs thereby generating a physical map of the
sample genome;
(1) assigning the fragment sequences of at least part of the second adapter and/or part

of the fragment adjacent to the second adapter to the corresponding clone;
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(m) anchoring the fragment sequences of step (h) to the physical map;

(n) generating a draft genome sequence.

In one embodiment, the method further comprises a step of assembling the
sequences derived from the first adapter and part of the fragment adjacent to the first adaptor
and the sequences derived from the second adaptor and part of the fragment adjacent to the
second adaptor into a contig that is linked to the physical map. In a further step, this particular
contig may be anchored to the physical map. This ‘binning’ approach creates a sub-assembly
step that may be efficient when larger data sets are handled.

The advantages of this embodiment of the method of the invention reside inter alia in
the combined use of paired end sequence data of fragments of restriction fragments. One of
the sequence reads is directly related to the fragment sequences of the restriction fragment to
build the physical map, the fragment sequences of the randomly fragmented ends are
random, yet physically linked to the fragment used to build the physical map.

The different steps of the method are discussed in more detail herein below.

In the WGPS embodiment, both adapters may contain identifiers, which may be used to
correlate the fragment with the clone.

The (tagged) restriction fragments of step (d) are fragmented. Fragmentation of the
tagged restriction fragments provides fragmented tagged adapter ligated restriction
fragments. The obtained fragments may contain an adapter on the 3’ or 5" end of the
fragment, or not at all, if the fragment is the middle section of a double fragmented tagged
restriction fragments. Fragmentation is preferably random and preferably via shearing or
nebulisation or by using sequence composition-independent nucleases. Typically, a fragment
thus contains an adapter-ligated end and a random end. It is possible to select a set of
fragments in a desired size range using common knowledge technology therefore. The
fragments may be polished at the random ends. In certain alternative embodiments, the
polishing step is followed by the addition of one or more specific nucleotides to provide for an
anchoring and orientation point of the second adaptor which is then of a staggered design.

To the random ends, (second) adapters are ligated. When the random ends are
polished, the adapters are blunt ended such that they ligate to each random end present.
Sometimes these are indicated as second adapter (with the adapters ligated to the restriction
fragments as indicated in step (e) then being seen as the first adapters.

The resulting sequences, i.e. the adapter-ligated fragmented tagged restriction
fragments may be amplified using two primers, a first and a second primer. The first primer is
directed against the, optionally tagged, restriction fragment end and may contain sections that
are at least complementary to part of the (first) adapter that amplifies at least the identifier (or

the degenerate identifier section). The second primer may be directed against (is
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complementary to) at least part of the, optionally tagged, adapter ligated to the random end of
the restriction fragment. The amplification, preferably using PCR, results in amplified
fragmented tagged restriction fragments (amplicons). Depending on the number of different
amplicons available, amplicons may be combined from various experiments in a set of
amplicons for instance to accommodate the capacity of the sequencing platform used. The
amplicons may be combined in certain embodiments, in a set of combined amplicons or a so-
called sequence library.

In step (i) of the method, the sequences of one or both ends of the adaptor-ligated
fragments or amplicons can be determined, preferably using paired end sequencing. With
sequencing, at least the optional sequence of the identifier located in the first and/or second
adapter and/or part of the internal sequence of the fragment located adjacent to the first
and/or second adapter are determined. Sequencing in the method of the present invention is
typically based on high throughput sequencing such as pyrosequencing on Roche (454) and
lllumina platforms disclosed herein.

The adaptor-ligated fragments or amplicons are subjected to sequencing, preferably
high throughput sequencing as described herein. During sequencing, at least part of the
nucleotide sequence of the amplicons is determined. Preferably, a sequence of at least 10
nucleotides of the fragment is determined, preferably from each side. In certain embodiments,
at least 20, 25 or 30 nucleotides of the fragment are determined. The number of nucleotides
that are to be determined minimally will be, again, genome- as well as sequencing platform
dependent. For instance, in plants more repetitive sequences are present, hence longer
sequences (25-75 nucleotides) are to be determined for a contig of comparable quality.
Current platforms can handle significantly longer reads (100-800 nt).

As mentioned before, the sequencing of the present invention is preferably performed
using ‘paired end sequencing'.

Paired end sequencing provides also part of the internal sequence of the fragment
adjacent to the second adapter. By performing paired end sequencing, the two sequences
are determined simultaneously. Based on the identifier and the part of the internal sequence,
the sequences can be grouped into sets that originate from the same restriction fragment.
The sequence information from the random ends provides information on the composition of
the internal sequence of the restriction fragment. By grouping all information obtained from a
restriction fragment together and creating a contig of the sequences obtained from the
random ends and the information obtained from the first adapter and adjacent fragment
sequences may provide a draft sequence of most of the (if not the entire) restriction fragment.

In step (j) the fragments are associated with the corresponding clones. Typically, the
deconvolution to generate the physical map of the genome is based on the presence of

identifiers in the adapters that correlate the fragment to the pools and hence, based on the
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pooling strategy to the corresponding clone. Thus, the fragments are assigned to the
corresponding clones based on the sequenced part of the first adapter and/or part of the
fragment adjacent to the first adapter and/or of part of the second adapter and/or part of the
fragment adjacent to the second adapter. For instance, a physical map is available based on
two restriction enzymes, for instance EcoRI/Msel, then a WGPS embodiment using Hindlll
may provide additional information that can be linked to the EcoRI/Msel based physical map.

In step (k) of the method the physical map is generated by ordering the clones using
commonly known software for this purpose.

In step (I) of the method, the fragments sequences obtained form the second adapter
and/or the fragment adjacent thereto are coupled to the corresponding clone such that a
group of fragment sequences is obtained that are linked (in step j) to a certain clone via a
restriction fragment sequencing in step (i). This is based on (j), i.e. the fact that the sequence
of at least part of the second adapter and/or part of the fragments adjacent to the second
adapter is derived from the same fragment based on paired-end sequencing. The thus
obtained sequence can be anchored to the physical map and the draft genome generated.

In certain embodiments when a physical map is already available, WGPS may
nevertheless be used to generate additional sequence information that can be linked the to

initial physical map, for instance by using different restriction enzymes for the WGPS.

SDSES (Site Directed Single End Sequencing)
In a further embodiment of the method of the present invention, the submethod of step (b) of
the method of the invention comprises the steps of
(a) fragmentation of a target DNA (genomic DNA or artificial chromosome DNA)
with at least one restriction endonuclease to obtain restriction fragments;
(b) ligation of a first adapter to the ends of the restriction fragments to obtain
first adapter-ligated restriction fragments;
(c) random fragmentation of the first adapter-ligated restriction fragments to
obtain randomly fragmented first adapter-ligated restriction fragments;
(d) optionally, selection of the fragmented adapter-ligated restriction fragments
that contain an adapter;
(e) ligation of a second adapter to the fragmented ends of the first adapter-
ligated restriction fragments;
(f) optionally, amplification using a primer directed against the adapter of step
(b) and an (affinity-labelled) primer directed against the second adapter of
step (e) to obtain (affinity-labelled) amplified fragments;
(g) optionally, selection of the (affinity-labelled) amplified fragments obtained in

step (f) based on the presence of the second adapter;
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(h) determination of the sequence of at least part of the first adapter and/or part
of the sequence of the fragment adjacent to the first adaptor and/or of at
least part of the second adapter and/or part of the sequence of the fragment
adjacent to the second adaptor.

In step (a) of the method, a target DNA is provided. The target DNA can be obtained
from any source, whether genomic or clone-based. Isolation from DNA can be achieved by
any means in the art such as disclosed for instance by Sambrook et al. (Sambrook and
Russell (2001) "Molecular Cloning: A Laboratory Manual (3rd edition), Cold Spring Harbor
Laboratory, Cold Spring Harbor Laboratory Press). The sample DNA can be from any
species, in particular from human, plant or animal origin. It is preferred to take the same DNA
sample as was used in the generation of the physical map, but other samples as outlined
herein above may also be used (i.e. from a related individual, a line etc.)

In the embodiment directed to clone DNA, an clone bank is provided. This may be the
same clone bank used to generate the physical map. The clone bank (or library) can be a
Bacterial Artificial Chromosome library (BAC) or based on yeast (YAC). Other libraries such
as based on fosmids, cosmids, PAC, TAC or MAC are also possible. Preferred is a BAC
library. The library is preferably of a high quality and preferably is a high insert size genomic
library. This means that the individual BAC contains a relative large insert of the genomic
DNA under investigation (typically > 125 kbp). The size of the preferred large insert is
species-dependent. Throughout this application reference can be made to BACs as examples
of artificial chromosomes. However, it is noted that the present invention is not limited thereto
and that other artificial chromosomes can be used without departing from the gist of the
invention. The individual clones in the library may be pooled to form pools, containing a
multitude of artificial chromosomes or clones. The pooling may be the simple combination of
a number of individual clones into one sample (for example, 100 clones into 10 pools, each
containing 10 clones), but also more elaborate pooling strategies may be used. The
distribution of the clones over the pools is preferably such that each clone is present in at
least two or more of the pools. Preferably, the pools contain from 10 to 10000 clones per
pool, preferably from 100 to 1000, more preferably from 250 to 750. It is observed that the
number of clones per pool can vary widely, and this variation is related to, for instance, the
size of the genome under investigation. Typically, the maximum size of a pool or a sub-pool is
governed by the ability to uniquely identify a clone in a pool by a set of identifiers. A typical
range for a genome equivalent in a pool is in the order of 0.2 — 0.3, and this may again vary
per genome. The pools are generated based on pooling strategies well known in the art. The
skilled man is capable selecting the optimal pooling strategy based on factors such as
genome size etc. The resulting pooling strategy will depend on the circumstances, and

examples thereof are plate pooling, N-dimensional pooling such as 2D-pooling, 3D-pooling,
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6D-pooling or complex pooling. To facilitate handling of large numbers of pools, the pools
may, on their turn, be combined in super-pools (i.e. super-pools are pools of pools of clones)
or divided into sub-pools. Other examples of pooling strategies and their deconvolution (i.e.
the correct identification of the individual clone in a library by detection of the presence of a
known associated indicator (i.e. label or identifier) of the clone in one or more pools or
subpools) are for instance described in US 6975943 or in Klein et al. in Genome Research,
(2000), 10, 798-807. The pooling strategy is preferably such that every clone in the library is
distributed in such over the pools that a unique combination of pools is made for every clone.
The result thereof is that a certain combination of (sub)pools uniquely identifies a clone.

It is possible to use only a part of a genome, but that is not essential, as the present
invention also provides for methods to accommodate genomes of any size, for instance
through the creation of reproducible subsets via reproducible complexity reduction such as for
instance selective amplification based on AFLP (EP534858). Thus, typically, the present
method uses the entire genome. Alternatively, clone banks, or parts thereof can be used.

The target DNA is restricted with a restriction enzyme to yield restriction fragments. The
target DNA can be restricted with at least one restriction enzyme. In certain embodiments,
two or more enzymes can be used to generate restriction fragments of the desired length and
distribution. In certain embodiments, it may be advantageous to use three restriction
endonucleases to arrive at restriction fragments of the desired length distribution. The
restriction enzymes may cut blunt or staggered (i.e. create an overhang) with a preference for
staggered in view of subsequent adapter-ligation).

The enzymes and the combination of enzymes are preferably selected such that, on
average , the length of the fragments is about 400-1000 bp, depending on, for instance, the
sequencing platform used. There is a preference for rare cutters such as EcoRI.

To the restriction fragments of the second substep, adapters can be ligated. Typical
adapters are synthetic oligonucleotides as defined herein elsewhere and they may contain
identifiers and affinity labels etc.

In step (c) of the method, the adapter- ligated restriction fragments are randomly
fragmented. Suitable and preferred techniques for random fragmentation are known as
nebulisation or shearing or uses another, non-selective restriction enzyme.

Other techniques that provide for a controllable fragmentation of DNA are also suitable.
Fragmentation of adapter-ligated restriction fragments will result in fragments carrying
adapters on one end, on the other end as well as intermediate fragments that at both end are
the result of a random fragmentation. The fragmented set may be subjected to the selection
of a size range using common procedures.

The fragmented adapter-ligated restriction fragments may now be now selected in step

(d), preferably using an affinity label, to separate them from the fragments remaining after the
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random fragmentation that do not carry an adapter or an affinity label, such as the fragments
that are at both ends derived from a random fragmentation process (‘carry random ends’).
Preferably, the combination biotin-streptavidine is used in the selection but other affinity-
ligand combinations can be used as well, as well as carriers containing probes that hybridize
to the adapters.

To the random ends of the selected adapter-ligated restriction fragments, a second
adapter can be ligated in step (e). Prior to ligation of the second adapter, the random ends,
i.e. the ends caused by the random fragmentation step, may be polished, i.e. overhanging
nucleotides may be removed (blunted). The second adapter can be blunt ended. In certain
alternative embodiments, the polishing step is followed by the addition of one or more specific
nucleotides to provide for an anchoring and orientation point of the second adaptor which is
then of a staggered design.

The adapter-ligated set may now be amplified in step (f) from a pair of suitable primers
leading to amplified fragments (amplicons). The amplification is performed with a first primer
that may be directed against at least part of the nucleotides of the first adapter (i.e. the
adapter of step (b)). The second primer in the amplification is directed against (at least part
of) the second adapter (i.e. of step (e). This first and/or second primer may be affinity labelled
to obtain affinity labelled amplification products for a later selection step. The affinity label
may be biotin, but it may also be different from the affinity label used in certain embodiments
of step (b). For instance instead of biotin labelling it is also possible to use nucleotide-based
affinity labels and base the selection step on hybridisation to a dipstick carrying
oligonucleotides complementary that are complementary to the nucleotide based affinity
labels to capture the fragments.

The resulting (optionally affinity-labelled) amplified fragments can be selected in the
following step (step (g)) using the methods such as previously described, for instance using a
carrier carrying streptavidine.

In step (h) of the method, the fragments can now be sequenced, for instance using high
throughput sequencing technology based on pyrosequencing, essentially as described herein
elsewhere. The sequence of at least part of the first adapter and part of the sequence of the
fragment adjacent to the first adaptor are determined. In an alternative embodiment, the
sequence of at least part of the second adapter and part of the sequence of the fragment
adjacent to the second adaptor are determined. The sequenced fragments can be assembled
into a contig and subsequently linked to the physical map or the sequence information can
be directly anchored to the physical map, based on sequence identity.

The contigs, all starting with a sequence identical to the recognition site of the restriction
enzymes used can be linked to the physical map which was generated using a restriction

enzyme with an identical recognition sequence. Linking can be established by searching for
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the sequence of the WGP tag of the physical map in the sequences of the contigs that are
adjacent to the restriction enzyme sequence. When a unique hit is found, the contig sequence
can be linked to the physical map. In certain cases, the contigs will also comprise restriction
enzyme sites at its end which indicates that the complete intermediate sequence has been
determined.
In one aspect of the invention SDSES can also be applied as such for the generation of
sequence information of a target DNA . Thus the present invention also relates to a
method for the generation of sequence information of a target DNA comprising the steps of
(a) fragmentation of a target DNA (genomic DNA or artificial chromosome DNA)
with at least one restriction endonuclease to obtain restriction fragments;
(b) ligation of a first adapter to the ends of the restriction fragments to obtain
first adapter-ligated restriction fragments;
(c) random fragmentation of the first adapter-ligated restriction fragments to
obtain randomly fragmented first adapter-ligated restriction fragments;
(d) optionally, selection of the fragmented adapter-ligated restriction fragments
that contain an adapter;
(e) ligation of a second adapter to the fragmented ends of the first adapter-
ligated restriction fragments;
(f) optionally, amplification using a primer directed against the adapter of step
(b) and an (affinity-labelled) primer directed against the second adapter of
step (e) to obtain (affinity-labelled) amplified fragments;
(g) optionally, selection of the (affinity-labelled) amplified fragments obtained in
step (f) based on the presence of the second adapter;
(h) determination of the sequence of at least part of the first adapter and/or part
of the sequence of the fragment adjacent to the first adaptor and/or of at
least part of the second adapter and/or part of the sequence of the fragment

adjacent to the second adaptor.

SDPES (Site Directed Paired End Sequencing)
In a further embodiment of the method of the present invention, the submethod of step
(b) of the method of the invention comprises the steps of
(a) restriction enzyme digestion of target DNA to obtain restriction fragments;
(b) ligation of an lls-adapter that contains a recognition sequence for a Type-Ills
restriction endonuclease to provide lls-adapter-ligated restriction fragments;
(c) fragmentation of the lls-adapter-ligated restriction fragments to obtain

fragmented lls-adapter-ligated restriction fragments;
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(d) circularisation of the fragmented lls-adapter-ligated restriction fragments to
obtain circularised products;

(e) Type-lls restriction enzyme digestion of circularised products to provide
Type-lls digested fragments;

(f) ligation of a first adapter to the Type-lIs digested fragments to provide
adapter-ligated Type-lIs digested fragments;

(g) fragmentation of the first adapter-ligated Type-IlIs digested fragments;

(h) ligation of a second adapter to the first adapter-ligated Type-lls digested
fragments to provide first and second adapter-ligated Type-lIs digested
fragments;

(i) determining the sequence of at least part of the fragments and/or adapters.

In step (a) of the method, a target DNA is provided. The target DNA can be obtained
from any source, whether genomic or clone-based. Isolation of DNA can be achieved by any
means in the art such as disclosed for instance by Sambrook et al. (Sambrook and Russell
(2001) "Molecular Cloning: A Laboratory Manual (3rd edition), Cold Spring Harbor Laboratory,
Cold Spring Harbor Laboratory Press). The sample DNA can be from any species, in
particular from human, plant or animal origin. It is preferred to take the same DNA sample as
was used in the generation of the physical map, but other samples as outlined herein above
may also be used (i.e. from a related individual, a line etc.)

In the embodiment directed to clone DNA, an artificial clone bank is provided. This may
be the same clone bank used to generate the physical map. The artificial clone bank (or
library) can be a Bacterial Artificial Chromosome library (BAC) or based on yeast (YAC).
Other libraries such as based on fosmids, cosmids, PAC, TAC or MAC are also possible.
Preferred is a BAC library. The library is preferably of a high quality and preferably is a high
insert size genomic library. This means that the individual BAC contains a relative large insert
of the genomic DNA under investigation (typically > 125 kbp). The size of the preferred large
insert is species-dependent. Throughout this application reference can be made to BACs as
examples of artificial chromosomes. However, it is noted that the present invention is not
limited thereto and that other artificial chromosomes can be used without departing from the
gist of the invention. The individual clones in the library may be pooled to form pools,
containing a multitude of artificial chromosomes or clones. The pooling may be the simple
combination of a number of individual clones into one sample (for example, 100 clones into
10 pools, each containing 10 clones), but also more elaborate pooling strategies may be
used. The distribution of the clones over the pools is preferably such that each clone is
present in at least two or more of the pools. Preferably, the pools contain from 10 to 10000

clones per pool, preferably from 100 to 1000, more preferably from 250 to 750. It is observed
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that the number of clones per pool can vary widely, and this variation is related to, for
instance, the size of the genome under investigation. Typically, the maximum size of a pool or
a sub-pool is governed by the ability to uniquely identify a clone in a pool by a set of
identifiers. A typical range for a genome equivalent in a pool is in the order of 0.2 — 0.3, and
this may again vary per genome. The pools are generated based on pooling strategies well
known in the art. The skilled man is capable selecting the optimal pooling strategy based on
factors such as genome size etc. The resulting pooling strategy will depend on the
circumstances, and examples thereof are plate pooling, N-dimensional pooling such as 2D-
pooling, 3D-pooling, 6D-pooling or complex pooling. To facilitate handling of large numbers of
pools, the pools may, on their turn, be combined in super-pools (i.e. super-pools are pools of
pools of clones) or divided into sub-pools. Other examples of pooling strategies and their
deconvolution (i.e. the correct identification of the individual clone in a library by detection of
the presence of a known associated indicator (i.e. label or identifier) of the clone in one or
more pools or subpools) are for instance described in US 6975943 or in Klein et al. in
Genome Research, (2000), 10, 798-807. The pooling strategy is preferably such that every
clone in the library is distributed in such over the pools that a unique combination of pools is
made for every clone. The result thereof is that a certain combination of (sub)pools uniquely
identifies a clone.

It is possible to use only a part of a genome, but that is not necessary as the present
invention also provides for methods to accommodate genomes of any size, for instance
through the creation of reproducible subsets via reproducible complexity reduction such as for
instance selective amplification based on AFLP (EP534858). Thus typically, the present
method uses the entire genome.

The target DNA is restricted with a restriction enzyme to yield restriction fragments. The
target DNA can be restricted with at least one restriction enzyme. In certain embodiments,
two or more enzymes can be used to generate restriction fragments of the desired length and
distribution. In certain embodiments, it may be advantageously to use three restriction
endonucleases to arrive at restriction fragments of the desired length distribution. The
restriction enzymes may cut blunt or staggered (i.e. create an overhang) with a preference for
staggered in view of subsequent adapter-ligation).

The enzymes and the combination of enzymes are preferably selected such that, on
average, the length of the fragments is about 50-800 bp, depending on the readlength of the
sequencing platform. There is a preference for rare cutters such as EcoRI.

In step (b) of the method, an adapter (indicated herein as the lls-adaptor) is ligated to
the restriction fragments obtained form step (a). The adapter contains a recognition sequence
for a type lls-restriction endonuclease to vield lls-adapter-ligated restriction fragments. The

lls-adapter may contain an identifier, for instance in the case of pooled clone DNA.
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In step (c) of the method, the lIs-adaptor-ligated fragments are randomly fragmented.
The random fragmentation can be performed using common methods such as nebulisation,
shearing or sequence composition-independent nucleases. Fragmentation can be performed
to obtain fragments in a desired size range, which may depend on the sequencing platform
used later on in the method. The obtained fragments may be subject to an intermediate size
selection step. Where desired, the obtained fragments may be polished to obtain blunt ended
fragment ends.

In step (d) of the method, the fragmented lIs-adapter-ligated restriction fragments are
circularised to obtain circular products which can subsequently be cut (in step (e)) with the
Type-lls restriction endonuclease to yield Type-lls digested fragments. To the Type-lls
digested fragments a first adapter is ligated in step (f). The first adapter is preferably ligated to
the remains of the Type-lls restriction site to provide for first adapter-ligated Type-lls digested
fragments. In step (g) of the method, the first adapter-ligated Type-lls digested fragments are
then again fragmented to vield a set of fragments of an useable size (typically about 150-800
bp, depending on the platform used).

In step (h) of the method, subsequent ligation of a second adapter results in first and
second adapter-ligated Type-lIs digested fragments, i.e. a Type lls digested fragment having
a first or a second adapter ligated at each end, respectively. The first and/or second adapters
may contain (different) identifiers. The first and second adapter-ligated Type-lls digested
fragments can now be sequenced and/or amplified using high throughput sequencing
technology such as emulsion PCR or cluster amplification.

At least part of the sequence of the fragment is determined in the direction from the first
adapter to the second adaptor or vice versa. Preferably, the sequence of the fragment is
determined using paired-end sequencing as outlined herein elsewhere.

The obtained sequence information can be linked to the physical map.

In one aspect of the invention SDPES can also be applied as such for the generation of
sequence information of a target DNA . Thus the present invention also relates to a method
for the generation of sequence information of a target DNA comprising the steps of
(a) restriction enzyme digestion of target DNA to obtain restriction fragments;
(b) ligation of an lls-adapter that contains a recognition sequence for a Type-Ills
restriction endonuclease to provide lls-adapter-ligated restriction fragments;
(c) fragmentation of the lls-adapter-ligated restriction fragments to obtain
fragmented lls-adapter-ligated restriction fragments;
(d) circularisation of the fragmented lls-adapter-ligated restriction fragments to
obtain circularised products;
(e) Type-lls restriction enzyme digestion of circularised products to provide

Type-lls digested fragments;
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(f) ligation of a first adapter to the Type-lls digested fragments to provide
adapter-ligated Type-lIs digested fragments;

(g) fragmentation of the first adapter-ligated Type-lls digested fragments;

(h) ligation of a second adapter to the first adapter-ligated Type-lls digested
fragments to provide first and second adapter-ligated Type-lIs digested
fragments;

(i) determining the sequence of at least part of the fragments and/or adapters.

Examples
WGPS example

A Melon BAC library superpool 24 was provided together with WGP data of superpool

24 to demonstrate successful WGPS on BAC pools through assembly of GA paired end

reads linked to enzyme sites.

1. Wetlab Approach
The approach contains the following steps:

- Digestion of the (individual) BAC pool DNAs using a single enzyme (EcoRlI).

- Ligation of pool specific EcoRI compatible adaptors which contain the P5
amplification, sequence primer 1 and a pool specific identifier sequence.

- (Optional pooling of the RL products from super pools which will be sequenced in a
single lane of e.g. the lllumina Genome Analyzer. This up to the maximum of different
pool specific identifiers used in the previous ligation step)

- Fragmentation of the adaptor ligated products into products with a size range of 100 —
1000bp.

Fragmented adaptor ligated restriction fragments are end polished and a single A-nt is
added to the fragmented ends.

- Toremove fragments that are too small, Ampure purification is performed with a
sample:beads ratio of 1:1.8. This would remove fragments below 100nt.

- An adaptor containing a 3'-T overhang is ligated which contains the P7 amplification
and the sequence primer 2 sequence.

- Toremove any remaining adaptors Ampure purification is performed using a sample
to beads ratio of 1:1.3.

- Afill-in reaction is performed to generate fully double stranded fragments through the
filling in of the partially single stranded adaptors. Alternatively an amplification using

P5 and P7 primers can be performed.
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- The final sample is purified using a Qiagen PCR purification column

- The concentration is measured using the Nanodrop and the size distribution of the
fragments is determined through analysis on the Agilent BioAnalyzer.

- The generated libraries are sequenced using the lllumina GenomeAnalyzer Il using a
paired end 36nt sequencing protocol.

- The obtained sequencing data is processed using the standard Illlumina Software
pipeline v1.6.

- Processed sequence data is exported and used as input for the WGP pipeline and for

the assembly of the paired end reads.

2. Bioinformatics Approach
21 Deconvolution for physical map generation

After processing of the data the average # reads per tag in a pool was ~450. This was
approximately 7x higher than in normal WGP. Using this large dataset 9039 tags
could be deconvoluted using the standard WGP pipeline. In the regular WGP data set
13571 tags were deconvoluted in the BACs pools used. Approximately 71% of the
9039 deconvoluted tags were also present in the regular WGP data set. Lower
deconvolution is allocated to the extreme deep sequencing and a lower quality
sequencing run. Both increase the number of reads containing errors which raises the
number of tags that obtain multiple coordinates and are therefore not deconvoluted.
The deconvoluted tags are to be used to generate a WGP map which will be used to

position the contigs generated and selected in 2.2 step 5.

2.2 Assembly paired end data into contigs

The approach includes six steps.

Step 1 trims pool tags from read1 of paired end reads. This because pool tags are
used for deconvolution in the WGP process and not for assembly. This step also includes
recovery of the modified restriction enzyme site from CAATTC to GAATTC. From the read1
generated ~85% started with the expected restriction enzyme site, after removal of the pool
tags. Step 1b is to pool the reads based upon their BAC/pool tags. This will enable local
assembly of the reads when clustering is performed on the pooled tags. This is an alternative
(more fragmented) approach than mentioned in step 2.

Step 2 clusters paired end reads according to the corresponding WGPtag of read1.
Figure 5 indicates the relationship between WGPtag and read1. Step 1b might be added in
order not to have problems assembling reads from repetitive regions in step 4.

Step 3 trims for each cluster the paired end reads containing artifact fragments, which

is shown in figure 6a and b. In the case of figure 6a, both read1 and read2 are trimmed for
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containing artifacts. Read1 is trimmed for containing part of the GAIll sequence primer 2 and
read?2 is trimmed for containing the pool ID and part of the GAll sequence primer 1. The
shared fragment sequence between read1 and read2 should be kept (between dashlines of
read1 and read2, in Figure 6a). Figure 6b shows another example in which only read2
contains artifacts, part of pool tag.

Step 4 assembles the trimmed data set per cluster using the software tools phrap
and/or cap3.

Step 5 picks up the assembled largest contigs from all clusters and performs statistic
analysis. Pooling the paired end reads based upon their BAC IDs reduces the
creation of multiple contigs. The current option assembles all repetitive regions having an
identical WGP tag. In the current example only a single pool set of the 2D pooled melon BAC
library was used, which minimized the presence of repetitive WGP tags. Using this approach
on data from a complete BAC library would not give the maximum benefits of local
assemblies. The approach as mentioned in Step 1b would circumvent assembly of repetitive
regions.

Step 6 blasts these contigs against a (melon) draft genome, if available, for QC
purposes.

Step 7 positions the contigs (step 5) on the WGP map generated in 2.1

Step 8 assembles the positioned (overlapping) contigs of step 7 into longer contigs.
This would result in a draft genome sequence based on a physical map. This step might be
performed before step 7, but this might result in incorrect assemblies due to repetitive

sequences. Effectively this step is local assembly of local assemblies.

A few programs can be used to assemble GAll paired end reads per cluster. Tools
evaluated were Velvet, Soapdenovo, ABySS, cap3 and phrap. Both Cap3 and phrap which
are traditional assembly programs for Sanger reads, assembled the GAll reads per cluster
very well. In the study, the settings for cap3 used were “ -0 40 —p 80 -y 6 “ and distances
between paired end reads were set to between 0 and 800nt. Phrap does not take paired end
distance and only treats these reads as shotgun reads. The settings for phrap used in this
study were “-vector_bound 0 -forcelevel 1 —minscore 12 —minmatch 10 —indexwordsize 8”.
These settings were also used in a Nature paper entitled “Parallel, tag-directed assembly of
locally derived short sequence reads” (Hiatt et al, 2010).

Figure 4 shows the assembly results for one cluster using Cap3, phrap or Velvet.
Cap3 and Phrap generated fragments near the enzyme site, while Velvet missed that part in

both paired end reads and read2 only due to sequence redundancy on that region.
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Comparing Cap3 to others showed that Cap3 missed the end part because it trimmed
off 3’ side “low” quality region. This property in CAP3 is designed for Sanger read assemblies.

Therefore, phrap performed the best and is the preferred assembler for this approach.

3 Results

From the sequence data generated in step 2.2 9039 tags were deconvoluted to
identify a single BAC. Of these tags, 71% was also found in the original WGP tag list for the
pools used. All reads generated in step 2.2 were binned based on their first read after which
an assembly was performed on each bin individually. With the Phrap software the assembly
resulted in a total of 15938 contigs of which 14905 (=94%) started with the expected
restriction enzyme site. The average length of the contigs generated was ~545nt. To check
the quality of the assembled contigs, a subset was blasted against a melon genome
sequence which was generated using a random sequencing approach. A result of the BLAST
analysis is shown in figure 8. The figure shows that the generated WGPS contig (760nt) has a
100% match with a genome sequence contig. This match was the only hit with a high

significance.

SDSES example
A Melon BAC library superpool 24 was provided together with WGP data of superpool
24 to demonstrate SDSES on genomic DNA of melon through linking enzyme linked

sequence information to the WGP map of melon.

Wetlab Approach

The approach contains the following steps:

1- Nuclear DNA is isolated to decrease the amount of sequence data obtained
from chloroplast and mitochondria. This is an optional step but would increase the useable
output.

2- Digestion of melon genomic DNA using a single enzyme (EcoRl). This enzyme
is preferably the same enzyme as used in the generation of the WGP map. If a different
enzyme is to be used, it should (preferably) recognize the same nucleotides (GAATTC) as the
enzyme used in WGP.

3- Ligation of enzyme (EcoRIl) compatible adaptors which contain the
amplification and sequence primer.

4- Fragmentation of the adaptor ligated products into products with a size range
of at least 400bp with a maximum of 1000bp. The lower fragment length may vary but should
at least be higher than the sequencing read length that can be obtained.

Fragmentation can be performed using nebulization or sonication (Covaris).
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5- Size distribution and concentration of the purified fragments is determined

through analysis the Agilent Bioanalyzer using a high sensitivity DNA chip (size
distribution) and a nanodrop measurement (concentration)

6- Small fragments (<400nt) are removed through size selection using the
AMpure procedure as used in the library preparation protocol for GS-FLX sequencing.

After size selection the concentration of the sample is measured on the nanodrop

7- Purified fragments are end polished.

8- The polished products are (optionally) purified through capturing the fragments
on streptavidin coated magnetic beads. This is possible when the ligated EcoRI adaptor used
contains a 5-biotin modification.

9- To prevent concatenation a single A is added to the polished random ends of
the fragments.

10- A T-shaped adaptor is ligated which contains the amplification and sequence
primer 2 sequences.

11-  An amplification is performed to generate fully double stranded fragments and
amplified sample, which contains a biotin modification at the 5’end of one DNA strand.

12 - The amplification products are bound to magnetic streptavidin coated beads
(Dynal) using the protocol as mentioned above.

13-  The unlabeled strand of fragments is eluted from the beads and used for

sequencing using a (next generation) sequencing technology

Sequencing
The above prepared sample is sequenced using the Roche GS-FLX titanium sequencer.
Raw sequence data is processed using the General Sequencing Signal processing tools. This
will trim sequence reads on quality and the presence of the adaptor sequences used in the
library preparation. After filtering there were 930,618 reads with an average read length of
380bp remaining. This corresponds to 354Mbp of sequence information. Fasta (fna) and
corresponding quality (.qual) files are extracted from the raw sequence file(s) (.sff). The fasta,
quality and raw sequence files are processed using the bioinformatics processing steps

mentioned below.

Bioinformatics processing

- Removal of all reads not starting with the (modified) restriction enzyme
recognition site In this example EcoRlI is used which means that reads not starting with
CAATTC are removed. If an alternative enzyme is used, filtering will have to be performed

using a different recognition site.
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- All reads containing internal recognition sites for the enzyme used for the
preparation of the sequencing library are removed. These reads might be chimeric.In this
example all reads containing internal GAATTC are removed.

- In the remaining reads the modified restriction enzyme (EcoRl) site (CAATTC)

5 isrestored. The restore (or adjusted trimming point adjusted) will facilitate integration of the
generated contigs with WGS and/or WGP data.

The results of the sequence data processing are given in table 2.

10 Table 2: Sequence read processing overview
# %

Past filter reads 930483 100.0%
Reads with NO internal EcoRI (=GAATTC) site 922401 99.1%
Reads with internal EcoRI (=GAATTC) site 8082 0.9%
Reads starting with modified EcoRI (=CAATTC) site 893811 96.9%
Reads NOT starting with modified EcoRI (=CAATTC) 28590 3.1%
site

Reads with restored EcoRI (=GAATTC) site 893811 96.1%

- The processed sequence reads are assembled using the CAP3 software using
the following settings —p 97 (overlap identity cutoff) and -y 6 (clipping range). Other options
are used with their default values. The results of this assembly are given in table 3.
15 - Assembled contigs are screened for presence of internal restriction sites for
the enzyme used in the sequencing library preparation, i.e. EcoRlI in this example. Contigs
with internal sites are likely assembled reads based upon their internal sequences and not on

the sequence flanking the restriction enzyme site, which at the start of the sequence read.

20 Table 3: Cap3 assembly results overview
# %

Contigs 93038 100.0%
Singletons 366965 41.0%

(of input)
Contigs starting with EcoRI (=GAATTC) site 92799 99.7%
Contigs NOT starting with EcoRI (=GAATTC) site 239 0.3%
Contigs EcoRI-EcoRI 4881 5.2%
Contigs containing internal EcoRI site 276 0.3%
Contigs starting with EcoRI (=GAATTC) site and no 92509 99.4%
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internal EcoRlI site
EcoRI-EcoRI and no internal EcoRlI site 4850 5.2%

Contigs with internal restriction sites are removed from the selection.

Contigs without internal restriction sites are combined with the unassembled reads

into a new fasta file

The fasta file (containing the contigs and singletons of the previous step) is

reassembled using Cap3 and the settings as mentioned above. Results of the reassembly are

shown in table 4.

Table 4: Reassembly results overview

# %
Contigs (= contigs of contigs from Cap3 assembly) 2663
Singletons (= contigs from original Cap3 assembly) 86771 93.8%
Contigs starting with EcoRI (=GAATTC) site 2652 99.6%
Contigs containing internal EcoRI site 21 0.8%
Contigs EcoRI-EcoRl 634 23.8%
Contigs starting EcoRI and no internal EcoRl site 2633 98.9%

The generated sequence file is used to integrate with the melon genome assembly or to link

the sequences to the sequence based physical map.

Average contigs length is ~500bp.

SDSES linkage to sequence based physical map (=WGP)

Table 7 displays the results off linking the total set of SDSES sequences to the filtered

WGP tag list of melon. The total SDSES data set comprises the above mentioned through

reassembly obtained contigcontigs and singletcontigs and the singleton reads remaining after

the first sequence assembly round. In general it can be concluded that ~80 % of the filtered

melon WGP tags can be linked to at least one SDSES sequence (contig or singleton). It is

also observed that in the singletons many “tags” are occurring at a high frequency. Highest

value seen is 1193. Whether these are due to chloroplast/mitochondrial or repetitive

sequences is unknown.

From the total SDSES sequence dataset, which contains 456369 sequences, ~59%

can be linked to a WGP tag.
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Table 7: Linkage of SDSES results to WGP melon tags

# WGP tags used 118414
# WGP tags with SDSES sequences (contigs+singletons) link 93459 78.9% of 118414
# WGP tags with SDSES contigs link 50895 43.0% of 118414
# WGP tags with SDSES singleton link 78287 66.1% of 118414
# single SDSES sequence with WGP link 30484 32.6% of 93459
# single SDSES contig with WGP link 14519 47.6% of 30484
# single SDSES singleton with WGP link 15965 52.4% of 30484
# SDSES sequences (contigs+singletons) used 456369
# SDSES contigs used 89404 86771+2633
# SDSES singletons used 366965
# SDSES sequences (contigs+singletons) linked to WGP 268755 58.9% of 456369
# SDSES contigs linked to WGP 61566 68.9% of 89404
# SDSES singletons linked to WGP 207189 56.5% of 366965
# SDSES sequences (contigs+singletons) without WGP link 187614 41.1% of 456369

The SDSES singleton sequences increase the coverage of the WGP tags and show
that several tag sequences occur at a (very) high frequency. This indicates that assembly of
the sequences can be optimized. The WGP linked SDSES contigs cover ~25Mbp (50895
contig linked WGP tags * 500 sequence length) of the melon genome. When an average
contig/read length of 450bp is used, the total WGP linked coverage of the genome is 42Mbp
(93459 WGP tags * 450bp sequence length).
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CLAIMS

1. Method for the generation of sequence information from a DNA sample comprising
a. providing a (sequence-based) physical map of a clone bank based on end-
sequencing tagged adapter-ligated restriction fragments, wherein the
restriction fragments have been generated using at least one restriction
enzyme; and
b. providing a submethod comprising the steps of
i. providing adapter-ligated restriction fragments of the DNA sample
ii. optionally, fragmenting the adapter-ligated restriction fragments
ii. optionally, ligating adapters to the fragments of step(ii)
iv. determining at least part of the sequence of the fragments of step (iii)
c. combining the sequence information obtained in step (b) with the physical
map of step (a);
d. generating a draft genome sequence;
wherein the restriction fragments in step (b)(i) are generated with at least one restriction
enzyme that contains a recognition sequence that is identical to at least part of the
recognition sequence of the at least one restriction enzyme used in the generation of the

physical map of step (a).

2. Method according to claim 1, wherein the at least one restriction enzyme is a rare cutter.

3. Method according to claim 1 wherein the at least one restriction enzymes of step (a) and

(b)(i) are isoschizomers.

4. Method according to claim 1, wherein the recognition site of the at least one restriction
enzyme of step (a) contains a section that is identical to the recognition sequence of the at

least one restriction enzyme of step (b)(i).

5. Method according to claim 1, comprising the steps of
(a) providing a clone bank comprising a plurality of clones wherein each clone
contains DNA from a sample genome (or part of the sample genome);
(b) pooling the clones from the clone bank into pools;
(c) providing fragments for each pool using at least one restriction enzyme;

(d) ligating first adapters to the fragments;
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(e) fragmenting the adapter-ligated restriction fragments of step (d) to provide
fragmented adapter-ligated restriction fragments and, optionally, polish the random
fragment ends;

(f) ligating second adapters to the (polished) fragmented restriction fragments to
provide adapter-ligated fragmented restriction fragments, containing first and second
adapters;

(g) optionally, amplifying the adapter-ligated fragmented restriction fragments of step
(f) with a first and a second primer thereby generating amplicons;

(i) determining the sequence of at least part of the first adapter and/or part of the
fragment adjacent to the first adapter and/or of at least part of the second adapter
and/or part of the fragment adjacent to the second adapter;

(j) assigning the fragments to the corresponding clones based on the sequenced part
of the first adapter and/or part of the fragment adjacent to the first adapter and/or of
part of the second adapter and/or part of the fragment adjacent to the second adapter;
(k) ordering the clones into clone-contigs thereby generating a physical map of the
sample genome;

(1) assigning the fragment sequences of at least part of the second adapter and/or part
of the fragment adjacent to the second adapter to the corresponding clone;

(m) anchoring the fragment sequences of step (h) to the physical map;

(n) generating a draft genome sequence.

6. Method according to claim 1, wherein the submethod is selected from the group consisting
of SDSES and SDPES, wherein
|. SDSES comprises the steps of

25

30

35

(a) fragmentation of a target DNA (genomic DNA or artificial chromosome DNA)
with at least one restriction endonuclease to obtain restriction fragments;

(b) ligation of a first adapter to the ends of the restriction fragments to obtain
first adapter-ligated restriction fragments;

(c) random fragmentation of the first adapter-ligated restriction fragments to
obtain randomly fragmented first adapter-ligated restriction fragments;

(d) optionally, selection of the fragmented adapter-ligated restriction fragments
that contain an adapter;

(e) ligation of a second adapter to the fragmented ends of the first adapter-
ligated restriction fragments;

(f) optionally, amplification using a primer directed against the adapter of step
(b) and an (affinity-labelled) primer directed against the second adapter of

step (e) to obtain (affinity-labelled) amplified fragments;
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(g) optionally, selection of the (affinity-labelled) amplified fragments obtained in
step (f) based on the presence of the second adapter;

(h) determination of the sequence of at least part of the first adapter and/or part
of the sequence of the fragment adjacent to the first adaptor and/or of at
least part of the second adapter and/or part of the sequence of the fragment
adjacent to the second adaptor;

Il. SDPES comprises the steps of

(a) restriction enzyme digestion of target DNA to obtain restriction fragments;

(b) ligation of an lIs-adapter that contains a recognition sequence for a Type-lls
restriction endonuclease to provide lls-adapter-ligated restriction fragments;

(c) fragmentation of the lls-adapter-ligated restriction fragments to obtain
fragmented lls-adapter-ligated restriction fragments;

(d) circularisation of the fragmented lls-adapter-ligated restriction fragments to
obtain circularised products;

(e) Type-lls restriction enzyme digestion of circularised products to provide
Type-lls digested fragments;

(f) ligation of a first adapter to the Type-lIs digested fragments to provide
adapter-ligated Type-lIs digested fragments;

(g) fragmentation of the first adapter-ligated Type-IlIs digested fragments;

(h) ligation of a second adapter to the first adapter-ligated Type-lls digested
fragments to provide first and second adapter-ligated Type-lIs digested
fragments;

(i) determining the sequence of at least part of the fragments and/or adapters.

7. Method for the generation of sequence information of a target DNA comprising the steps of

(a) fragmentation of a target DNA (genomic DNA or artificial chromosome DNA)
with at least one restriction endonuclease to obtain restriction fragments;

(b) ligation of a first adapter to the ends of the restriction fragments to obtain
first adapter-ligated restriction fragments;

(c) random fragmentation of the first adapter-ligated restriction fragments to
obtain randomly fragmented first adapter-ligated restriction fragments;

(d) optionally, selection of the fragmented adapter-ligated restriction fragments
that contain an adapter;

(e) ligation of a second adapter to the fragmented ends of the first adapter-

ligated restriction fragments;
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(f) optionally, amplification using a primer directed against the adapter of step
(b) and an (affinity-labelled) primer directed against the second adapter of
step (e) to obtain (affinity-labelled) amplified fragments;

(g) optionally, selection of the (affinity-labelled) amplified fragments obtained in
step (f) based on the presence of the second adapter;

(h) determination of the sequence of at least part of the first adapter and/or part
of the sequence of the fragment adjacent to the first adaptor and/or of at
least part of the second adapter and/or part of the sequence of the fragment

adjacent to the second adaptor.

8. Method for the generation of sequence information of a target DNA comprising the steps of
(a) restriction enzyme digestion of target DNA to obtain restriction fragments;
(b) ligation of an lls-adapter that contains a recognition sequence for a Type-Ills
restriction endonuclease to provide lls-adapter-ligated restriction fragments;

(c) fragmentation of the lls-adapter-ligated restriction fragments to obtain
fragmented lls-adapter-ligated restriction fragments;

(d) circularisation of the fragmented lls-adapter-ligated restriction fragments to
obtain circularised products;

(e) Type-lls restriction enzyme digestion of circularised products to provide
Type-lls digested fragments;

(f) ligation of a first adapter to the Type-lIs digested fragments to provide
adapter-ligated Type-lIs digested fragments;

(g) fragmentation of the first adapter-ligated Type-IlIs digested fragments;

(h) ligation of a second adapter to the first adapter-ligated Type-lls digested
fragments to provide first and second adapter-ligated Type-lIs digested
fragments;

(i) determining the sequence of at least part of the fragments and/or adapters.

9. Method according to claims 5 -8 , wherein the sequencing step is performed using paired

end sequencing.

10. Method according to claim 5-8, wherein the sequencing step is performed using single

end sequencing.
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